The cervical microbial flora of 25 females and stock cultures of various micro-organisms which may be present in the human female cervix were examined using a fluorimetric assay for 1,2-propanediol oxidoreductase. Results indicated that only members of the genera Neisseria and Acinetobacter possess appreciable activities of the enzyme, whose physiological function is not yet known. The activity of this enzyme in N. gonorrhoeae appeared to be significantly higher than the activities observed in most of the other Neisseria species and in the Acinetobacter species. These results indicated that it may be possible to utilize this enzyme as a presumptive diagnostic marker for N. gonorrhoeae in cervical secretions. 172-Propanediol oxidoreductase may also be of taxonomic significance for the classification of various bacterial species.
I N T R O D U C T I O N
The development of a diagnostic assay for Neisseria gonorrhoeae requires the detection of a characteristic or marker that is unique to the organism. Cultural diagnosis, for example, depends on the ability of the gonococci to grow on a selective medium and on the ability of this organism to degrade glucose, but not maltose, sucrose or lactose (Kellogg et al., 1976) .
We have described the isolation and characterization of a gonococcal enzyme which catalyses the conversion of 172-propanediol to an unidentified oxidation product in the presence of NAD+ (McDonald et al., 1980) . The possibility of using this enzyme as a diagnostic marker for N. gonorrhoeae prompted us to survey the distribution of the enzyme among various micro-organisms. This report describes the occurrence of 172-propanediol oxidoreductase in various stock culture micro-organisms and also in clinical isolates from the human female cervix.
M E T H O D S
Media. The medium (GCM) used for cultivation of stock cultures was GC medium base (Difco) supplemented with 1 % (v/v) IsoVitalex enrichment (BBL). A liquid medium (GCB) containing (per litre) 15 g Proteose peptone no. 3 (Difco), 1 g cornstarch, 4 g K2HP04, 1 g KHzP04, 5 g NaCl, and 10 ml IsoVitalex enrichment (BBL) was used in the preparation of microbial lysates described below. Blood agar (BA), eosin methylene blue agar (EMB), chocolate agar (CA), Thayer-Martin medium (TM), phenylethanol agar (PEA) and fluid thioglycollate medium (TG) were prepared with commercially available media and used for isolating cervical flora.
Organisms. Cervical secretions of 25 females at an outpatient hospital clinic were each collected on two calcium alginate swabs. One swab was used to inoculate CA medium and TM medium which were then
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incubated in 5 % CO, for 48 h at 35 "C. The second swab was used to inoculate two BA, one EMB, one PEA and one TG media. The PEA medium and one BA medium were placed in a GasPak anaerobic system (BBL) and, along with the second BA, EMB and TG media, were incubated for 48 h at 35 "C. All aerobic and anaerobic organisms isolated in these cultures were characterized by their Gram-stain reaction and cellular morphology only. Dehitive identification was not done. All isolates were tested for activity with 1,2-propanediol. Table l ), all obtained from stock culture collections, were also examined for activity with 1 ,Zpropanediol.
Microbial lysates. Pure clinical isolates were grown on BA medium for 18 to 20 h at 35 "C. Stock culture strains were cultivated similarly on GCM. These cultures then served as inocula in preparing further cultures of each in 100 ml GCB. Cell concentrations in these cultures were approximately lo7 to los colony-forming units (c.f.u.) ml-l. Following overnight incubation at 35 "C, the suspensions were centrifuged (4800 g ) for 20 min, and the organisms were resuspended in 10 ml 0.1 M-TrislHCl buffer, pH 9.0, containing 1 mM-EDTA and 10 mg lysozyme. After incubation for 1 h at room temperature, this suspension was centrifuged and the supernatant (lysate) was examined for activity with 1,2-propanediol.
Determination of propanediol dehydrogenase activity. All lysates were initially examined as follows : 0.5 ml lysate was mixed with 2.5 mlO.1 M-TI%/HC~ buffer, pH 9.0, containing 0.25 M-NH,CI, 5.02 m M -" Y and 0.438 m~-l,2-propanediol. A control tube contained the same materials except for 1,2-propanediol. Both tubes were incubated for 1 h at 50 "C. A Turner Model 111 Fluorometer (Turner Associates, Palo Alto, Calif., U.S.A.) was then calibrated to zero with the control tube and the enzymic activity with 1,Zpropanediol in the test tube was measured and expressed as fluorescence units per ml lysate (f.u. ml-l). Those lysates which contained activity 3 100 f.u. ml-l were subjected to the inhibition procedure described below.
The activity of glycerol dehydrogenase on 1,Zpropanediol was determined by adding to the above procedure a further tube containing 0.362 mM-glycerol instead of lY2-propanediol. The fluorimeter was again calibrated with the control tube and the enzymic activities in the lY2-propanediol and in the glycerol tubes were measured.
Antiserum. Anti-1,Zpropanediol oxidoreductase serum was prepared in a goat immunized with purified enzyme. The isolation and purification of the enzyme and the preparation of this antiserum are described in detail by McDonald et al. (1980) . Enzyme inhibition. Enzymic activity of all lysates displaying 2 100 f.u. ml-l was adjusted to similar levels either by dilution with 0-1 ~-Tris/HCl buffer, pH 9.0, when activity was high, or by recultivation and concentration of bacterial cells when activity was low. The effect of the goat anti-propanediol oxidoreductase serum on the enzymic activity in lysates was studied by adding 0.5 ml lysate to each of two tubes, one containing 0.1 ml normal goat serum and one containing 0.1 ml of a 1 : 200 dilution of goat antiserum. After 30 min incubation at room temperature, the assay was conducted as above. The fluorimeter was calibrated to zero with the tube containing the immune serum and the enzymic activity in the normal serum tube was then measured and expressed as f.u. ml-l. Inhibited lysates were then tested with each twofold antiserum dilution to determine the degree of inhibition by each dilution.
RESULTS

Organisms isolated from female cervix
Aerobic cultures yielded 32 bacterial and three yeast isolates. Neisseria gonorrhoeae was not found in these 25 patients. Anaerobic cultures yielded six bacterial isolates. Twelve of the 32 aerobic bacteria were Gram-negative organisms, either bacilli, diplococci or coccobacilli, and the other 20 aerobes were Gram-positive cocci or bacilli. Two of the six anaerobes were Gram-negative bacilli and the remaining four anaerobes were Gram-positive organisms. The number of different species represented by these 41 isolates was unknown since the isolates were not definitively identified.
Enzymic activity with 1,2-propanediol
All Neisseria species tested displayed enzymic activity with 1,2-propanediol (Table 1) . Branhamella catarrhalis, until recently named Neisseria catarrhalis, showed no activity. Eight of the 41 clinical isolates displayed activity with 1,2-propanediol of 2 100 f.u. ml-l. However, only isolates 6a and 17 with activities of 16800 and 2100 f.u. ml-l, respectively, were within the range of activities observed in the Neisseria species. The activities of the remaining six isolates ranged from 100 to 270 f.u. ml-? All other clinical isolates showed little or no activity with 1,2-propanediol.
Candida albicans, E. cloacae, Cor. pseudodiphtheriticum, B. subtilis, A . calcoaceticus var. anitratus and A . calcoaceticus var. lwofi were the only non-Neisseria organisms which showed appreciable activity with 1,2-propanediol. Acinetobacter calcoaceticus var. anitratus and Zwofl showed 9520 and 4750 f.u. ml-l, respectively. Activity in the other four species ranged from 204 to 1680 f.u. ml-l. All other stock culture organisms displayed only trace activity compared with the activity in Neisseria species.
Inhibition of activity with 1,2-propanediol The effect of the 1 ,2-propanediol oxidoreductase antiserum on enzymic activity with 1,2-propanediol in eight clinical isolates and in six stock culture strains which had activities 3 100 f.u. ml-l is shown in Table 2 . Among the clinical isolates, activity with 1,2-propanediol was inhibited only in isolate 6a -an oxidase-positive, Gram-negative diplococcus which fermented dextrose, maltose, sucrose and lactose and which grew well on blood agar medium. Activity was also inhibited in both varieties of A . calcoaceticus. The enzyme inhibition curves of these three organisms closely resembled that of N. gonorrhoeae, whereas the curves of organisms unaffected by the antiserum were dissimilar to the gonococcal curve (Fig, 1) . Activity with 1,2-propanediol was also inhibited in all Neisseria species tested, indicating the immunological similarity of the 1,2-propanediol-utilizing enzyme in these organisms.
Enzymic activity with glycerol To examine the probable cause of the activity with 1,2-propanediol observed in organisms uninhibited by the antiserum, several clinical isolates were tested for their activity with glycerol. All isolates tested displayed slightly higher activity with glycerol than with 1,2-propanediol as substrate (Table 3) . These results suggested that the activity observed in organisms uninhibited by the antiserum may have been due to glycerol dehydrogenase.
DISCUSSION
A 1 ,2-propanediol-utilizing enzyme has been isolated previously from an unidentified soil bacterium (Tanaka et al., 1975) and has also been detected in wild-type and mutants of E. coli (Lowe & Turner, 1968 , 1970 Sridhara et al., 1969; Wu, 1976) . Occurrence of this enzyme in other micro-organisms, especially in clinically significant organisms, has not been reported. This study was conducted to determine the occurrence of 1,2-propanedioI oxidoreductase in the microbial world particularly among those micro-organisms which may be present frequently in the female cervix.
Many of the microbial lysates had very low activity with 1,2-propanediol when tested with a spectrophotometric assay (Worthington Enzyme Manual, 1972) for NADH. Therefore, a more sensitive fluorimetric assay was used in these studies. This assay made it possible to be more conclusive as to the presence or absence of the 1,2-propanediol oxidoreductase in micro-organisms. Thus, enzymic activity was reported in terms of fluorescence units (ml lysate)-l rather than pmol NADH formed min-l (mg protein)-l.
Our results with clinical isolates indicated that most micro-organisms from the cervix contained only trace amounts of 1,2-propanedioI oxidoreductase in comparison with N . gonorrhoeae. Seven of the eight isolates which displayed activities with 1,2-propanedioI of >, 100 f.u. ml-l were not inhibited by the propanediol oxidoreductase antiserum. This indicated that the activity was due to an enzyme immunologically distinct from the 1,2-propanediol-utilizing enzyme in N. gonorrhoeae. Results with glycerol suggested that these activities might be due to glycerol dehydrogenase which reportedly utilizes 1,2-propanedioI (Burton, 1955) . One isolate (6a) exhibiting high activity with 1,2-propanediol was inhibited by the antiserum. Biochemical test results, the Gram-stain reaction, and the cellular morphology of this isolate, however, indicated a close similarity to characteristics of the genus Neisseria which would account for the inhibition by the antiserum.
Studies with the stock culture organisms revealed that an immunologically similar enzyme capable of oxidizing 1,2-propanediol was present in all members of the genus Neisseria tested. However, the activity of this enzyme in N . gonorrhoeae was significantly higher than the activity observed in most other Neisseria species. This observation may be sufficient to support the use of 1,2-propanediol oxidoreductase as a presumptive diagnostic marker for N. gonorrhoeae. Recent papers (Blackwell et al., 1977 ; Faur et al., 1975 ; Lewis & Alexander, 1974; Givan et al., 1977) , however, have reported increased isolations of non-gonococcal Neisseria species from the genital tract. This may lead to increased cross-reactivity. The finding that the organism formerly named Neisseria catarrhalis did not contain 1,2-propanediol oxidoreductase provides support for the recent removal of this organism from the genus Neisseria and its redesignation as Branhamella catarrhalis (Catlin, 1970) . Among the stock culture organisms tested, many of which are isolated from the female genital area (Corbishley, 1977) , only A . calcoaceticus var. anitratus and 1woB displayed enzymic activity and inhibition patterns similar to those of N. gonorrhoeae. These results provided evidence that Acinetobacter species possessed an enzyme which was immunologically related to the 1,2-propanediol-utilizing enzyme present in N . gonorrhoeae. However, since the exact incidence of these bacteria in the genital area is unknown, even though they have been isolated from many regions of the human body (Tatum et al., 1974) , the extent to which these organisms would interfere in a test for N. gonorrhoeae is not known.
As far as we are aware, this is the first report indicating that among the possible human cervical flora only members of the genera Neisseria and Acinetobacter show appreciable activities of 1 ,2-propanediol oxidoreductase. The physiological function of this enzyme is not yet known. These results suggest that 1,2-propanediol oxidoreductase may be of taxonomic significance in the classification of various bacteria. Further extensive studies may provide indications of the evolutionary relationships among the organisms possessing this enzyme. Our results also indicate that it may be possible to utilize this enzyme as a diagnostic marker for N . gonorrhoeae in cervical secretions. The demonstration of such an assay will be reported elsewhere. 
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